Previous studies in our laboratory have shown that polyethylene glycol-conjugated Superoxide dismutase (PEG-SOD) or lidocaine treatment before experimental fluid-percussion brain injury in rats reduces the cortical hypoperfusion normally found in the early posttraumatic period. The purpose of the current study was to determine if posttreatment with PEG-SOD or lidocaine is also associated with changes in the trauma-induced suppression of motor and cognitive function that occurs following traumatic brain injury (TBI). Twenty-four hours after surgical preparation, rats were randomly assigned to a saline or drug posttreatment group, PEG-SOD (pegorgotein, Dismutec®, 10,000 IU/kg) or lidocaine (2 mg/kg), which was injected iv 30 min after moderate injury. PEG-SOD completely prevented beam walk latency deficits on days 1-5 postinjury while lidocaine similarly prevented beam walk deficits on days 2 through 5 postinjury. Both drugs produced a statistically insignificant trend for a decrease in beam balance duration deficits on days 1-5 postinjury and had no effect on cognitive function, as assessed by the Morris water maze, on days 11 through 15 postinjury. The mechanism by which PEG-SOD and lidocaine reduce posttraumatic motor deficits may be related to their free radical scavenging effect or previously reported effects on posttraumatic cerebral blood flow. To our knowledge, this is the first report of the effectiveness of these two agents in laboratory animals when administered after traumatic injury.
INTRODUCTION
1989; Yuan et al., 1988; . In a previous study we examined the effect of pretreatment with a Alteration of cerebral blood flow following trau-drug of abuse, namely cocaine, on the response to traumatic brain injury may be one component that af-matic brain injury. We found that cocaine, and lidocaine, fects the secondary pathology associated with trauma, which mimics cocaine's local anesthetic effects, both reCerebral blood flow studies in rats have shown a persis-duced the cortical hypoperfusion that follows experitent cortical flow reduction in the first hour after fluid mental fluid percussion injury in rats (Muir and Ellis, percussion brain injury (Yamakami and Mclntosh, 1991 , 1995 . Subsequent investigation showed that ad-ministration of lidocaine or cocaine before injury also reduced posttraumatic motor deficits (Muir et al., 1995a) .
Local anesthetics, such as lidocaine, have also been shown to have neuroprotective effects in animal models of ischemia (Rasool et al., 1990) and lidocaine has been reported to have an oxygen radical scavenging action, as well as its well-known local anesthetic action (Das and Misra, 1992) .
We have also recently reported that a preinjury bolus followed by a continuous infusion of Superoxide dismutase (SOD) dramatically reduces cortical hypoperfusion during the immediate period after traumatic brain injury in rats (Muir et al., 1995b) . The supposed effect of SOD would be by scavenging posttraumatically produced oxygen radicals, which have been implicated in the posttraumatic genesis of cerebral endothelial lesions and altered cerebrovascular reactivity (Kontos et al., 1984) . While these previous studies of lidocaine's and SOD's effect on trauma provide important information on possible mechanisms that contribute to dysfunction in the period immediately after injury, they do not address the potential efficacy of these agents when given in a manner which would mimic posttraumatic therapy. Since we have had a long-standing interest in these compounds with respect to trauma and both have been found to increase posttraumatic brain perfusion and scavenge oxygen radicals we examined both these compounds in a single, more efficient study. Thus the goal of this study was to determine the effect of PEG-SOD and lidocaine on behavioral dysfunction when given after trauma.
METHODS

Surgical Preparation and Experimental Design
All experimental protocols were approved by our Institutional Animal Care and Use Committee. Two major experiments were conducted. In the first, sham (n = 8), saline (n = 11) and PEG-SOD (n = 9, Dismutec®, 10,000 IU/kg, Sanofi Winthrop, Collegeville, PA) groups were examined. In the second experiment, saline (n = 10) and lidocaine (n = 12,2 mg/kg iv) groups were compared to the above-mentioned sham group. The 2 mg/kg lidocaine dose was chosen because it caused improved cortical blood flow and behavioral function in our previous studies where lidocaine was given before injury (Muir and Ellis, 1995; Muir et al., 1995a) . The 10, 000 IU/kg dose of PEG-SOD was chosen because it is one of the postinjury administration doses that has produced a desirable outcome in humans with traumatic brain injuries in a phase II trial (Muizelaar et al., 1993) .
As previously reported (Muir et al., 1995a) (Chou et al., 1991; DeWitt et al., 1988; Lyeth et al., 1990) and has been shown to produce transient neurological signs of areflexia, unconsciousness, and stupor similar to that observed in other species and humans (Dixon et al., 1987; Lyeth et al., 1988a) . This level of injury is, however, associated with motor and cognitive deficits (Dixon et al., 1987; Lyeth et al., 1990; Hamm et al., 1993 
Description of Experimental Methods
The fluid percussion device used to produce experimental brain injury has been described elsewhere (Dixon et al., 1987; Mclntosh et al., 1989 (Dixon et al., 1987 (Dixon et al., 1987) . Rats were trained to escape a bright light and loud noise by traversing an elevated 100-cm-long, 1.5-cm (Morris, 1981) (Hamm et al., 1994) and is sensitive to pharmacological interventions (Hamm et al., 1993 
Beam-Walking Latency
The beam-walking latency (±SEM) prior to injury and for the first 5 days after injury is shown in Figure 3 . The injured animals treated with saline exhibited longer beam-balance latencies than the sham-injured animals (p < 0.05). PEG-SOD treatment reduced beam-walking deficits compared to injured vehicle-treated animals (p < 0.05). Analysis of the data for the animals treated with PEG-SOD indicated that beam-walking latency was not different from sham control animals on days 1-5 postin- jury. An ANOVA of the data illustrated in Figure 3B 
Beam-Balance Duration
The mean beam-balance durations (±SEM) prior to injury and for the first 5 days after injury are illustrated in Figure 2 . The ANOVAs indicated that the injured animals treated with saline exhibited shorter beam-balance durations than the sham-injured animals (p < 0.05). Although the injured animals treated with PEG-SOD had longer average beam-balance durations than the injured animals treated with saline (see Fig. 2A ), this difference did not reach statistical significance (p < 0.25). However, the injured animals treated with PEG-SOD were not different from sham-injured animals. In Figure  2B , the ANOVA comparing the saline-treated injured group to that of the sham-injured group indicated that the injured saline-treated animals had a significantly shorter balance duration than the sham-injured animals on the first day after injury (p < 0.05). Also shown in Figure   70H Figure  4 . An ANOVA of the data represented in Figure 4A indicated that injured animals treated with saline took longer to find the goal platform than sham-injured animals (p < 0.002). Although the injured animals treated with PEG-SOD found the platform on average faster than the injured animals treated with saline, this difference was not statistically significant (p < 0.20). In Figure 4B , animals treated with lidocaine also performed more poorly than sham animals in the Morris water maze (p < 0.05). However, in the study in which lidocaine's effect was tested, it should be noted that the saline-treated injured animals on days [11] [12] [13] [14] [15] (Das and Misra, 1992 (Wei et al., 1981) . We have also very recently shown that infusion of SOD nearly eliminates cortical flow deficits that occur immediately following traumatic brain injury in rats (Muir et al., 1995b (Muizelaar et al., 1993) . While this plethora of work has supported the efficacy of SOD, it is surprising that no previous studies have examined the effect of SOD on behavioral outcome after experimental brain injury.
Release of the neurotransmitters glutamate and acetylcholine following traumatic brain injury has been implicated in contributing to TBI pathophysiology Gorman et al., 1989) . This nonspecific neurotransmitter release is thought to be due to membrane depolarization that occurs upon impact (Katayama et al., 1990) . Antagonists at muscarinic and glutamatergic sites reduce posttraumatic motor dysfunction (Hayes et al., 1988; Faden et al., 1989; Lyeth et al., 1988a,b) . Lidocaine causes a use-dependent block of sodium channels (Butterworth and Strichartz, 1990) 
